Abstract -Adequate fertilizing management is crucial to reach high mango yields that demand a well-defined fertilizer management, including micronutrient such as boron which management is more difficult due to the narrow range between deficiency and toxicity. This way, an experiment was carried out to evaluate the fruit production and quality of mango cv. Palmer as a function of boron fertilizing management in Brazilian semiarid. The experimental design was in randomized blocks with six treatments (strategies for boron fertilizing), as follows: T1 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.2%); T2 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.4%); T3 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.6%); T4 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 10 g of H 3 BO 3 plant -1 ; T5 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 20 g of H 3 BO 3 plant -1
Introduction
São Francisco Valley, especially in Petrolina and Juazeiro counties, accounts for 85% of Brazilian exports of fresh mango (VALEXPORT, 2016) , which contributes to Brazil be one of the largest mango exporter countries, with almost 10% of the world mango market (FAO, 2014) , therefore with significant economic and social importance for Brazil.
Mango plant requires high amounts of macro and micronutrients, although micronutrient management is more difficult due to the narrow range between deficiency and toxicity that can occur for most crops (PRADO, 2004) . Additionally, balanced fertilization, especially in relation to boron is necessary for mango production in high yields and with the quality demanded by the most exigent markets (SARAN; KUMAR, 2011) .
Boron in the soil solution is found in the soluble fraction as boric acid (H 3 BO 3 ) which reaches plant roots through mass flow (MATTIELLO et al., 2009 ). This fraction has its availability strongly affected by organic matter content, soil pH and soil clay proportion, besides the B loss by leaching (WÓJCIK et al., 2008) .
In plant, boron stimulates pollen grain germination and pollen tube growth (LEE et al., 2009 ), a key factor for adequate fruit formation, besides being related to carbohydrate transport and metabolism, facilitating sugar transport as borate-sugar complex through membranes (DECHEN; NACHTIGALL, 2006) , besides being an important constituent nutrient of polysaccharide structure responsible for cell wall resistance, thus resulting in more resistant fruits during post-harvest (TAIZ; ZEIGER, 2009).
In the scientific literature it is possible to find research manuscript about boron effects on mango but there is no consensus about what supply strategy is the best for mango crop. Galli et al. (2013) studied boron fertilization for 36 mango cultivars and observed boron positive effect on fruit production and quality, including for cv. Palmer, with an increase from 219 fruits plant -1 (without boron fertilizing) to 246.5 fruits plant -1 (with boron fertilizing), while for other mango cultivars there was increase of fruit mass and soluble solids content; Barbosa et al. (2016) It detaches that fruit post-harvest quality depends on several factors such as plant genetics, climate and production system used in the field, including irrigation management and especially fertilizer management which affects plant nutrition directly (MOTTA et al., 2015) .
Hence, the present study aimed to evaluate the fruit production and quality of mango cv. Palmer as a function of boron fertilizing management in Brazilian semiarid.
Material and Methods

Plant Material and Growth Conditions
Mango (Mangifera indica L.) plants cv. Palmer with uniform size and vigor, that were eleven years old, were used in this study.
The study was conducted from 2013 to 2014 in an experimental orchard located in Herculano Agrícola farm in Casa Nova County (09°11' S and 41º59' W; at an altitude of 400.3 m above sea level), Bahia State, Brazil. The climate of this region is classified as Bswh (Köeppen), which corresponds to a semiarid region. During the execution of the experiment the average air temperature and air humidity ranged from 20.7 ºC to 35.4 ºC and from 61.4% and 88.7%, respectively, with accumulated precipitation of 194.8 mm.
Before the experiment 20 soil samples were collected at 0-40 cm depth for soil for physical and chemical characterization, following Silva (2009) 
Treatments and Experimental Design
The experimental design consisted of randomized blocks with six treatments, four replications and two plants in each parcel. Treatments consisted of six strategies for boron fertilizing, as follows: T1 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.2%); T2 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.4%); T3 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.6%); T4 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 10 g of H 3 BO 3 plant -1 ; T5 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 20 g of H 3 BO 3 plant -1 ; and T6 = two sprays with H 3 BO 3 at 0.3% + three fertigations with Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 3: (e-622) 40 g of H 3 BO 3 plant -1 . Treatments were defined following plant demands according to Genú e Pinto (2002) and soil analysis (Table 1 ). These treatments were performed when panicles were recently emitted (nearly at seven days after panicle emission). 
Data Gathered and Statistical Analysis
According to recommendations of Silva (2009) leaf samples were collected at full flowering in the middle part of the canopy in branches with flowers to perform the boron nutritional analysis. Leaves were chemically analyzed after they were washed and rinsed with distilled water and dried at 65 o C until reach constant weight following methodology described by Silva (2009) .
Fruit production per plant was measured using a Filizola ® CF15 brand precision scale (0.5 grams of precision) and expressed in kilograms per plant (kg plant -1 ). Commercial fruits were manually harvested in a single day when they reached the minimum size of 15 cm and physiological maturity which was characterized through pulp color (yellow cream), following the fruit selection parameter recommended by the Brazilian Program for Horticulture Modernization (2004) for commercial farms. After the registration of fruit production per plant the fruit yield (t ha -1 ) was calculated. The number of commercial fruits (fruits plant -1 ) was also recorded. The fruit analyses of the mango fruits followed the instructions of Zenebon et al. (2008) and included the usual parameters: i) the fruit mass was measured using a Sartorious ® (Göttingen, Germany) brand precision balance (0.01 g precision) and expressed in g; ii) length and width were obtained with a digital paquimeter (0.01 mm-300 mm, Starret ® ) and expressed in cm; iii) for the titratable acidity (TA), 20 g of macerated fruit pulp was taken from yellow passion fruits and brought to a final volume of 100 mL by adding distilled water. A 20 mL sample was taken from the mixture; and three to four drops of phthalein were used as an indicator. This suspension was titrated with 0.1 N sodium hydroxide (NaOH). The results were expressed as a percentage; iv) the soluble solids (SS), expressed as °Brix, were measured using an Abbe ® refractometer (Bausch and Lomb, Rochester, NY, USA); v) The vitamin C content was defined with 5 g of fruit pulp taken from mango and brought to a final volume of 100 mL by adding distilled water plus 1 mL of 1% amid solution. A 20 mL sample was taken from the mixture and titrated with 1N iodine. The results were expressed in mg 100 g -1 of fresh fruit; vi) the pulp pH was measured using a Marconi ® pH meter; vii) after chemical analyses, the relation between the soluble solids and the titratable acidity (SS/TA ratio) and pulp percentage were calculated.
Statistical analyses included analysis of variance (ANOVA) using combined data from 2013 and 2014. All calculations were performed using the ASSISTAT 7.7 software, and terms were considered significant at p < 0.01.
Results and Discussion
In the present study, leaf boron concentrations (B) ranged from 216 to 311 mg kg -1 ( Figure 1A) , thus above the stated adequate range of supply (50 to 100 mg kg -1 ), defined by Genú and Pinto (2002) , although no visual symptom of B toxicity has been observed. In this sense, Barbosa et al. (2016) clarify that most of interpretation tables for macro and micronutrient were developed for non-irrigated conditions, showing the need of research studies aimed at the establishment of B availability classes under irrigation conditions, especially for semiarid regions where the soil and climate conditions are peculiar. In a study carried out in India, Saran and Kumar (2011) observed that foliar sprays of boron (0,10% of disodium octborate tetrahydrate) were most effective in increasing the level of B in leaf and fruits (149.64% and 120.14%, respectively) of 'Dashehari' cultivar, with higher efficiency for leaf spray fertilizing. Also in India, Raja et al. (2005) recorded increased of B leaf concentration from 23 to 67 mg kg -1 as a function of leaf B sprays. Fruit production per plant depended on boron fertilizing management evaluated, ranging from 104.24 kg plant -1 (T3) to 151.64 kg plant -1 (T1 treatment) ( Figure  1B ). The statistical higher fruit production was recorded only for those treatments sprayed with the lowest B doses, showing that small well-distributed B quantities are sufficient for mango production in semiarid in the amount of initial boron in the soil of 0.40 mg dm -3 . On the other hand, Galli et al. (2013) and registered fruit production increasing of 12.6% for B fertilized plants, that is in agreement with Bhatt et al. (2012) , who verified that mango plants cv. 'Dashehari' produced 28.82 kg plant -1 more when sprayed with 0.5% borax. The highest fruit production per plant recorded in this study (T1) is higher than the best result (137 kg plant (1) Bars with the same capital letters do not differ in among themselves by Tukey's test at 1% probability. T1 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.2%); T2 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.4%); T3 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.6%); T4 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 10 g of H 3 BO 3 plant The fruit length and width (Figures 2A and 2B) were affected by B fertilizing management slightly, however, in general, treatments with five H 3 BO 3 leaf sprays presented the higher absolute values detaching T3 which presented 13.77cm (fruit length) and 8.99 cm (fruit width), values higher than those reported by Silva et al. (2014) for 'Palmer' grown in São Paulo, Brazil. Accordingly, boron has limited mobility in most plant species, thus it accumulates in older leaves because they transpire more than flowers and fruits, and also participate directly in pollination process (GALLI et al., 2012) , and its foliar application complements could supply B demand of these plant organs (BARBOSA et al., 2016) , resulting in increased fruit diameter.
The fruits produced by plants treated with five leaf sprays of H 3 BO 3 also presented higher fruit mass, with 550.08 g (T1), 524.31 g (T2) and 569.95 g (T3) ( Figure  2C Pulp percentage ( Figure 2D ) were affected slightly by B fertilizing management, however, plants treated with five H 3 BO 3 leaf sprays (T2), it is recorded higher pulp percentage average (70.33%) than T3, T4 and T6. According to Chitarra and Chitarra (2005) , pulp percentage is an important variable for fruits produced specifically for juice or pulp industries, since it indicates the relative revenue of the commercial product.
As can be seen in Figure 2E , the B fertilizing management treatments had no significant effect on fruit skin thickness, with average values ranging from 19.7 to 23.3 mm. Maurer and Taylor (1999) evaluated the effect B leaf spray on orange quality in Sun City, USA, and also verified no effect on juice concentration nor the skin thickness, although the B contents in the leaves increased.
Chemical fruit quality results of mango 'Palmer' as a function of B fertilizing management are in Figure 3 , where it is verified that the T2 treatment presented higher titratable acidity (TA) (0.27 g citric acid 100 g -1 of pulp) than other evaluated treatments. Carvalho et al. (2004) registered average TA values range 0.07-0.3 g citric acid 100 g -1 of pulp in mature fruits of mango cv. Palmer, whereas Silva et al. (2012b) reported 0.20 g citric acid 100 g -1 of pulp also for cv. Palmer. According to the mango fruit quality and identity standards established by Ministry of Agriculture, Livestock and Food Supply (Brasil, 2000) , the AT values of the present study (0.16 to 0.27 g citric acid 100 g -1 of pulp) are within the established quality standard (maximum of 0.32% citric acid), independently of the treatment. (1) Bars with the same capital letters do not differ in among themselves by Tukey's test at 1% probability. T1 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.2%); T2 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.4%); T3 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.6%); T4 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 10 g of H 3 BO 3 plant -1
; T5 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 20 g of H 3 BO 3 plant -1 ; and T6 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 40 g of H 3 BO 3 plant -1 .
Fruits from treatments that received only B leaf sprays produced higher ascorbic acid values (T1 = 33.23, T2 = 29.43 and T3 = 34.21 mg 100 g -1 of ascorbic acid) than other treatments (T4 = 22.37, T5 = 24.77 and T6 = 26.67 mg 100 g -1 ascorbic acid) ( Figure 3B ). Ascorbic acid average values recorded in the present study are within the variation range reported by Machado et al. (2007) (10.78-67 .67 mg 100 g -1 of ascorbic acid); but lower than 45.27 mg 100 g -1 of ascorbic acid registered by Alves et al. (2010) .
In relation to the effect of B on chemical quality of fruits Mesquita et al. (2007) detach that adequate B nutrition reduces phenolic compounds levels, reduces enzymatic discoloration and significantly increases ascorbic concentration. Therefore, B presents key importance for fruit maturation since it is precursor of ascorbate, which is necessary for ACC oxidase enzyme activity, as proposed by Liu and Yang (2000) .
Soluble solids (SS) contents ranged from 11.3 to 13.2 °Brix (Figure 3C ), thus within the stated adequate quality standards defined by BRASIL (2000), whose
Rev. Bras. Frutic., Jaboticabal, 2018, v. 40, n. 3: (e-622) minimum is 11 °Brix. Specifically for mango there is not enough information in the scientific literature about SS concentration as a function of B fertilizing, but for apple Sá et al. (2014) observed no effect of B on fruit SS. On the other hand, these authors affirm that leaf B spray enhanced the iodine-starch index from 3.0 (without B leaf spray) to 4.1 (with B leaf spray). Indeed, leaf boron spray promoted higher starch degradation in soluble sugars, showing anticipation of fruit maturation. Soluble solids values found in the present study are higher than 7.07 °Brix reported by Silva et al. (2012a) for 'Palmer' mango, in São Paulo, Brazil, and compatible with those registered by Motta et al. (2015) .
Pulp pH depended on B fertilizing management ( Figure 3D ), ranging from 4.46 (T5) to 4.86 (T1), thus above 4.16 reported by Carvalho et al. (2004) to 'Palmer' mango. All treatments provided pH values of fruits within the stated recommended range (3.3 and 4.5) defined by BRASIL (2000) .
In relation to SS/AT ratio, treatments T1 (68.17) and T4 (77.57) presented the highest average values when compared to the other treatments ( Figure 3E) . Mean values of SS/AT ratio ranged from 46.07 (T2) to 77.57 (T4). Silva et al. (2012b) verified a SS/AT ratio of 70.5 for cv. Palmer in Minas Gerais, Brazil. Accordingly, Chitarra and Chitarra (2005) argue that SS/TA ratio is one of the chemical variables commonly used to determine the fruit palatability and maturation, since it is a flavor indication, i.e., the higher SS/TA ratio the better fruit flavor. (1) Bars with the same capital letters do not differ in among themselves by Tukey's test at 1% probability. T1 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.2%); T2 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.4%); T3 = five sprays with H 3 BO 3 (two first at 0.3% and three at 0.6%); T4 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 10 g of H 3 BO 3 plant -1 ; T5 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 20 g of H 3 BO 3 plant -1 ; and T6 = two sprays with H 3 BO 3 at 0.3% + three fertigations with 40 g of H 3 BO 3 plant -1 .
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Conclusion
Boron fertilizing management (foliar spray and fertigation) affects fruit production and quality of mango cv. 'Palmer' grown in semiarid.
